Potable water is a necessity for safe and better quality. In Egypt, this is no exception, and consequently, this study investigated the physico-chemical properties of raw, and treated water in Shebin El-Kom Water Treatment Plant. As indicated, here in this study, a number of parameters, namely Ammonia, Nitrates, and Chlorides, were observed to occur in water after treatment. Furthermore, Chlorides, Iron, Nitrites, TDS, Mn, and Mg, might occur in treated water at certain times of the year. Those parameters proved to be indicator for physico-chemical characteristics. Accordingly, a recommendation is presented.
INTRODUCTION
Safe drinking-water is a basic need for human development, health and wellbeing, and because of this it is an internationally accepted human right (WHO, 2001 ; Thompson et al., 2007) . The purpose of water treatment is to remove pathogens, toxic chemicals, particles, and aesthetic contaminants from raw water. (Logsdon et al., 1999) .
There are various treatment methods available for making water safe and appealing to consumers. These methods depend primarily on the characteristics of raw water (Wiesner and Klute, 1997) . As water is drawn from many ground and surface sources, it has diverse qualities which, in turn, dictate the type of treatment, the degree of treatment and, to a large extent, the quality of the treated water (Hofkes, 1983; ElMasry et al., 2004) .
A wide variety of water treatment processes have been developed for production of safe potable water. Conventional treatment is the most widely used method to control microbial and turbidity levels in surface supplied drinking water (USEPA, 1990; Haas, 1999; El-Masry et al., 2004) . The main objective of conventional water treatment is to provide drinking water to the consumer that is biologically stable, and as such, is both aesthetically pleasing and does not present a measurable health risk to the consumer (Långmark, 2004) .
Measuring the physico-chemical characters of water; such as temperature, electrical conductivity, total solids, pH, nutrient salts, phosphate, sulfate, ammonianitrogen, calcium, iron, chloride, magnesium, zinc, nitrate and fluoride contents of the waters is important to investigate both water quality and ecological variations of the water body (WHO, 1996; Ayoko et al., 2007) , and the subsequent treatment.
Consequently, this study was planned in order to make an investigation concerning the efficiency of the water treatment process in Shebin El-Kom Water Treatment Plant. This included quantitative analysis of both influent and effluent water physico-chemical parameters and their interaction.
MATERIAL AND METHODS

Study Area
Water Treatment Plant at Shebeen Alkoom is located South of the city and feeds the western side of the city (Fig 1) . 
Sample Determinations and Collection Procedures
Water samples for microbiological analysis were collected in one liter glass bottles containing 1ml of 3% freshly prepared sodium thiosulphate solution (Na 2 S 2 O 3 ), to neutralize the residual chlorine. The samples were preserved in an ice box during transportation (APHA, 1995) , to the laboratory, three times monthly during a period from November 2008 to November 2009 and examined within 6 hours of collection. Physical Parameters Temperature Temperature of water was measured using a calibrated thermometer.
Electrical Conductivity (EC) and Total Dissolved Solids (TDS)
EC was measured at 25°C as standard temperature by using CON 6000 Bench Electrical Conductivity Meter (model No. EPA-30IDAN-9, Eutech Instruments, Singapore), and expressed as µmhos/cm. Total dissolved solids of the collected water samples were expressed as mg/L.
Turbidity
Turbidity is measured as "Nephelometric turbidity units" (NTU) by using turbidity meter (PcH019054, Germany).
Chemical parameters Hydrogen Ion Concentration (pH)
The pH values were determined by the use of Bench-Top pH/Ion Meter (Model 6500, china). Total Alkalinity (Carbonate and Bicarbonate)
As the pH value for collected samples was lower than 8.3, then total alkalinity was determined as carbonate only where it was measured by applying a titration method ( 0.02NH 2 SO 4 with methyl orange as indicators ) APHA (1992) . The results are expressed as mg ca co3/ L.
Chloride
The recommended titration procedure involves adding silver nitrate (AgNo 3 ) to the sample which reacts with chloride ions to form a white precipitate of silver chloride, then in the presence of the potassium chromate as indicator, adding excess silver nitrate forms a reddish precipitate of silver chromate (APHA, 1992) . The chloride content of water was then calculated and expressed as mg/L.
Determination of Hardness (Calcium and Magnesium)
Calcium and magnesium in water samples were determined using EDTA (Ethylene diamine tetra acetate) Titrimetric method according to APHA (1992) .
Dissolved Oxygen (DO)
The oxygen content of the water samples was measured by SB70D DO Benchtop Meter S/NDO 0800, U.S.A. and expressed as mg/L.
Sulphate
Sulphate ion was measured by using assay colorimetric kits (Spectrophotomer Hach, DR5000, Germany) according to the manufactures' protocols. The results were expressed as mg/L. Other Chemical Parameters Ammonia (NH3), nitrite (No2), nitrate (No3), phosphate (Po4), silica (Si), iron (Fe), manganese (Mn) and fluoride (Fl) contents were determined using assay colorimetric kits (HANNA instrument, C200 Multiparameter Ion Specific Meter, Hungary) according to the manufacture's protocols. The results were expressed as mg/l.
RESULTS AND DISCUSSION
Seasonal Variations of Physio-Chemical Parameters
As indicated in Table 1 various parameters, however, significant parameters which are found to be critical to drinking water, are shown and discussed as follows:
Total Dissolved Solids (TDS)
The Seasonal variations of total dissolved solids indicated that maximum value 247.9 mg/L was recorded during Spring at raw water and the minimum values 195. TDS are considered a measure of the total ionic concentration in water (Welcomme, 1985) . This is conspicuous, since a highly significant correlation between TDS and conductivity is predicted in this study (r=0.84, p<0.01; Fig 2) . Turbidity, NTU
Conductivity,umhos
In the present work, the dissolved solids reached a maximum count during Spring, as reported earlier by Elewa and Authman (1991) . On the other hand, the results are in contrast with the findings of Abd El Satar (1994) who reported that their maximum values in River Nile water, at the barrage, were recoded during Winter season.
Electrical Conductivity (EC)
The electrical conductivity in raw water stage fluctuated between the minimum value of 346 µmhos/cm measured in Winter and to the maximum value of 481.3 µmhos/cm in Spring. In filtered water, the higher value of 490 µmhos/cm was recorded during Spring and the lower value of 337.5 µmhos/cm was recorded during Winter. In treated water, the maximum value of 485.4 µmhos/cm was obtained in Spring and the minimum value of 335.1 µmhos/cm was obtained in winter. However, in tap water the maximum value of 425.4 µmhos/cm was obtained during Autumn and the minimum value of 336.3 µmhos/cm was obtained during Winter.
The observed results of that parameter are in agreement with the findings of Elewa and Authman (1991) and Abd Elsatar (1994), but only in Winter. On the other hand, they disagreed with the present results, that the maximal value of EC was recorded on Spring, where they reported that the higher value of EC was recorded during Autumn in Nile water at El-kanater El-Khyria. These EC fluctuations may be due to the increases in salinity and total dissolved solids (APHA, 1985) .
Hydrogen Ion Concentration (pH)
Hydrogen ion concentration fluctuated in the ranges of 7.27-7.87, 6.93-7.75, 6.95-7.66, and 7.05-7.48 in raw water, filtered water, treated and tap water respectively. With the minimum values in Summer and maximum values in Spring for raw water, filtered water and treated while for tap water, the maximum value was obtained in Autumn and minimum value in Winter.
In this investigation, there was a minor variation in the pH values, which are in accordance with the results obtained with the Nile system in Egypt (Ahmed, 1983; Zidan, 1983) . The present results showed that pH values in Summer season were lower than the corresponding values on Winter and other seasons, and these agreed with the findings of Birhanu (2007) , who reported that pH values were relatively high in Winter compared to Summer.
Alkalinity
The seasonal value of bicarbonate concentrations for different stages are illustrated as follows: In raw water, the bi-carbonate values ranged from a minimum of 155.78 mg/l recorded during Summer to a maximum of 181.33 mg/l recorded during Winter. In Filtered water, the bicarbonate value ranged form a minimum of 132 mg/l recorded during Summer to a maximum of 171.33 mg/l recorded during Winter. On the other hand, in treated water, the bicarbonate value ranged for a minimum of 135.78 mg/l recorded during Summer, to a maximum 161.33 mg/l recorded during Autumn, while in tap water the higher value of 164.33 mg /l recorded during Autumn and lower value of 119.56 mg/l caco3/recorded in Summer. The seasonal average of bicarbonate values in raw water samples was obviously low during Summer season, and a marked increase was found during Winter season. This is in agreement with the previous work on the Nile water by Sayyah et al. (1988) Elewa et al. (1995) and the results of Helal (1981) on Damiatta branch of the Nile. On the other hand, the present results are in contrast to the findings of Elewa and Authamn (1991) in Bahr Shebin Cancal, who reported that the total Alkalinity has its maximum during Autumn.
Chloroisty
The seasonal chloride ion concentrations varied from a minimum value of 27.44 mg/l recorded during Summer at Raw water to a maximum value of 48.22 mg/l recorded in Spring. On the other hand, the variations of chloride ion concentrations fluctuated in the range of 30 to 64.42 mg/l, 31.56 to 56.04 mg/l and 31.44 to 66.83 mg/l for filtered, treated and tap water respectively with the higher values in Autumn and the lower values in the Summer. The present results of the Chloroisty indicate that the general seasonal average trend was characterized by a progressive increase during Autumn and Spring seasons but decrease during Summer and Winter seasons. These results are in agreement with those of Elewa and Authman (1991) in Bahr Shebin, and Elwa et al. (1995) in Nile water who found that Chlorosity of water was minimum during Summer. High chloride content in inland waters may be an indication of pollution (Michael, 1986; APHA, 1992) . The present results showed a positive correlation between Chlorides and Alkalinity (r=0.63, p < 0.05; Fig 3) . This is due to the role of alkalinity for neutralizing acidity of aquatic habitat.
Calcium
In raw water, the calcium concentrations ranged between the minimum value of 32.71 mg/L recorded in Spring and the maximum value of 37.78 mg/l recorded in Winter. While in filtered water, calcium concentration ranged from the lower value of 28.40 mg/l obtained in Autumn to the higher value of 47.02 mg/l obtained in Summer. In treated water, calcium concentrations ranged between the minimum value of 26.58 in Spring and the maximum value of 47.20 mg/l recorded in Summer. While in tap water, it ranged from 29.87 to 32.83 mg/l in Autumn and Winter respectively.
In the present study, the seasonal average trend was characterized by progressive increase during Winter and Summer seasons and decrease during Spring and Autumn seasons. The present results for calcium are in contrast to these of Elewa and Mahdi (1988) , in Nile water who found that Calcium was minimum on Winter and maximum on Summer.
Turbidity
The turbidity content in raw water ranged between the minimum value of 4.71 in Winter and the maximum value of 10.21 mg/l recorded in Autumn. In filtered water, the turbidity ranged between 1.13 to 5.06 mg/l recorded in Summer and Spring respectively. In treated water the value ranged between 2.33 to 0.71 mg/l recorded in Summer and Autumn respectively, while in tap water, it ranged between 1.50 to 9.22 mg/l recorded in Summer and Spring respectively. However, in raw water, a significant positive correlation is predicted between water temperature and turbidity (r=0.718, p<0.05), that agreed with (Hussainy, 1967) , cited from (Authman, 1991) and NHDES (2008) , who pointed out that temperature rose when turbidity of water rose and vice versa.
Ammonia
In raw water, it ranged between the minimum values of 0.03 in Autumn to the maximum value of 0.18 mg/l obtained in Summer. In filtered water, seasonal variation of Ammonia concentrations were 0.03 mg/l recorded in Winter and Autumn and 0.05 mg/l recorded in Summer and Spring. In treated water, it ranged between the minimum value of 0.00 mg/l obtained in Autumn to the maximum value of 0.47 mg/l obtained in Spring, while in tap water, it ranged between 0.05 to 0.54 mg/l in Autumn and Summer respectively.
Ammonia contamination can also arise from cement mortar pipe linings. Ammonia in water is an indicator of possible bacterial, sewage and animal waste pollution. Ammonia is occasionally found in distribution systems, where chloramine is used as a residual disinfectant. Ammonia can also compromise disinfection efficiency, result in nitrite formation in distribution systems, cause the failure of filters for the removal of manganese and cause taste and odor problems (WHO, 2008) . The rise in tap water values is an indication of such process.
Nitrite and Nitrates
The minimum nitrite value in raw water was 9.91 mg/l determined during Spring and the maximum value of 16.05 mg/l recorded in Autumn. In filtered water, nitrite values ranged between 6.46 to 13.93 mg/l recorded in Spring and Summer respectively. In treated water, the higher value of 14.66 mg/l was obtained during Winter and the lower value of 5.90 mg/l was obtained during Spring. In tap water the higher value of 24.61 mg/l was recorded in Winter and the lower value of 6.31 mg/l was recorded in Spring.
The seasonal variations of nitrate concentrations varied in the range of 1.54 to 5.48 mg/l, 1.33 to 4.88 mg/l, 0.94 to 5.01 mg/l and 1.91 to 5.56 mg/l for raw water, filtered water, treated and tap water respectively, with the higher values recorded in Summer and the lower values obtained during Spring.
The presence of NO 2 in tap water in excess is an indication of such incidents. The distribution network of pipes from the water plant to the end users (e.g houses) is considered inadequate, dangerous to human health and destroying the effort and cost of sanitation of water.
As a verification, two tap water samples from different places that have water from the same water plant were measured for No2 and gave different values (4 and 10 mg/l). apparently, the cause was due to variations of infection degrees of the connected pipes for each place.
Phosphate
The concentrations of phosphates in raw water ranged between 0.11-0.58 mg/l recorded in Autumn and Summer respectively. In filtered water, the value ranged between the lower value 0.08 mg/l obtained during Autumn the higher value 0.55 mg/l recorded in Winter. In treated water, phosphate concentrations varied in the range of 0.01 to 0.51 mg/l obtained during Summer and Winter respectively while in tap water ranged between 0.26 mg/l recorded in Autumn and 2.40 mg/l recorded in Spring. Phosphorus can indicate the presence of septic systems, sewage, animal waste, lawn fertilizer, road and construction erosion, other types of pollution, or natural wetlands and atmospheric deposition (NHDES, 2008) .
The rise of phosphate values in tap water is another indication of mixing water with sewage sources throughout the malfunction or damaged distribution pipes.
Sulphate
The lowest Sulphate value was recorded in Autumn 21.38 mg/l in raw water, and the highest value of 27.39 mg/l was recorded in Summer. In filtered water Sulphate ranged between 25.72 in Winter and 36.99 mg/l in Summer. In treated water, they ranged between 26.25 in Autumn and 37.33 mg/l in Summer. In tap water, the lower value of 34.25 observed in Autumn and the higher value of 63.71 mg/l was noticed in Spring. Tap water values of Sulphate were higher than those of raw water.
In the present work, the seasonal average values were higher during Summer than other seasons. The present results are in disagreement with those of Elewa et al. (1995) who found that the Sulphate was minimum in Summer and maximum during Winter in the Nile water.
Iron
Iron concentrations fluctuated between 0.07 to 0.23 mg/l recorded in Summer and Autumn in raw water respectively. In filtered water, iron content ranged between 0.00 mg/l in Winter and 0.11 mg/l recorded in Autumn and Summer. In the treated water, the values ranged between 0.00 in Winter and 0.11 mg/l in Autumn. In tap water, the values ranged between 0.05 in Summer and 0.78 mg/l obtained during Spring.
High concentrations in surface waters can indicate the presence of industrial effluents or run off (APHA, 1998) . Iron may also be present in drinking-water as a result of the use of iron coagulants or the corrosion of steel and cast iron pipes during water distribution (Thompson et al., 2007) as was the case in this study. Iron values rose abruptly in tap water exceeding the MPL, in all seasons.
Over All Variation
On considering the changes in certain number of parameters at different locations and within different seasons, certain trends were found to occur.
Thus, when the change of chloride values in various stages of that Water Plant is considered, conspicuous variation was noticed. Thus, in Winter, chlorides decreased from 39.67 in raw water to 30.5, but rose again to 36.0 in treated water. This was even farther noticed in tap water samples (41.67). That trend was also noticed during Summer and Autumn.
The change in Sulphate values indicated an ascending trend in each season at the various stages of treatment as well as culminating in tap water. That magnitude reached more than 20% increase, especially during Spring and Summer. In those seasons, as compared to treated water, the increase in tap water values was 50% or more.
It is worth to mention that Iron, Nitrates, Ammonia, and Phosphates values were found to increase markedly in tap water. Those parameters decreased in concentration in all seasons at different stages of treatment, to rise abruptly in tap water, with a magnitude of 2 to multiple folds. However, ammonia was represented by an exceptional low values in tap water during Spring.
When the maximum permissible limits were taken into account, a number of the predicted parameters exceeded them in tap water. In certain cases, the values rose above MPL in tap water, although they were safely expressed in treated water. Thus, such marked increase in tap water seasonal values was prominent for nitrite, phosphate and iron, but with the exception of Summer value. It is worth to mention, here, that most of the chemical elements decreased gradually or irregularly as the influent water passes through the different stages of the water treatment process.
Some of these elements showed higher values at the distributed system, as compared with the preceding steps. This could be interpreted due to one or more of the following:
Damage and rusting of the distributed pipes as in the case of iron oxides. Flourishing of one of certain bacterial strains such as nitrogen, Sulphates and Phosphorus bacteria. This should be prohibited in order to avoid external contamination.
The results showed that the pH, Chlorides, Alkalinity, Calcium, Dissolved Oxygen, Conductivity, Nitrite, Nitrate, and Ammonia concentrations can be used to predict a wide range of physico-chemical characteristics of water during different seasons.
